Various mechanisms in flowering plants have evolved to prevent the tendency of self-fertilization created by close proximity of male and female reproductive organs in a perfect flower. One such mechanism, called self-incompatibility (SI), allows the pistil of a plant to reject self pollen or pollen from genetically related individuals, thus preventing inbreeding and promoting outcrosses. Genetic studies camed out early in this century led to the identification of two different types of SI: gametophytic self-incompatibility (GSI) and sporophytic self-incompatibility (SSI). GSI was first studied in the Solanaceae family, and SSI was first studied in the Cruciferae family. To date, these two families still remain the best characterized for their respective SI systems. In both families, SI is controlled by a multiallelic locus termed the S-locus.
Various mechanisms in flowering plants have evolved to prevent the tendency of self-fertilization created by close proximity of male and female reproductive organs in a perfect flower. One such mechanism, called self-incompatibility (SI), allows the pistil of a plant to reject self pollen or pollen from genetically related individuals, thus preventing inbreeding and promoting outcrosses. Genetic studies camed out early in this century led to the identification of two different types of SI: gametophytic self-incompatibility (GSI) and sporophytic self-incompatibility (SSI). GSI was first studied in the Solanaceae family, and SSI was first studied in the Cruciferae family. To date, these two families still remain the best characterized for their respective SI systems. In both families, SI is controlled by a multiallelic locus termed the S-locus.
For GSI, the SI behavior of the pollen is determined by the genotype of the pollen grain itself, whereas for SSI, the SI behavior of the pollen is determined by the genotype of the pollen parent. This difference most likely reflects the difference in the site of expression of the pollen S-allele: microspores for GSI and tapetal tissue for SSI (de Nettancourt, 1977) . In the case of SSI, depending on the S-allele combination, the two S-allele specificities displayed by the pollen may be co-dominant or may exhibit other relationships such as dominance or mutual weakening (de Nettancourt, 1977) . Figure 1 illustrates the dlfference in the SI behavior of SSI and GSI, assuming co-dominance of S-alleles in the pollen for SSI. Crosses between an S1S2 plant (female) and an s 1 s 3 plant (male) will be compatible if the species displays GSI and will be incompatible if the species displays SSI. The reasons are as follows. In the case of GSI, the SI phenotypes of SI and S3 pollen produced by the S1S3 plant are S1 and S3, respectively. The pollen bearing Sl-allele is rejected by the pistil of the S1S2 plant because of the matching of the S1-allele, whereas the pollen bearing S3-allele, an allele different from those camed by the pistil, is able to effect fertilization to produce SlS3 or S2S3 progeny. The rejection of incompatible pollen usually occurs after the pollen has germinated and Research in the authors' laboratory was supported by grants from the National Science Foundation (DCB-8616087, DCB-8904008, and IBN-9220145) and the U.S. Department of AgricultureNational Research Initiative Competitive Grants ).
* Corresponding author; fax 1-814-863-9416. 461 grown into the style. In the case of SSI, both S1 and S3 pollen behave genetically as if they bear both S1-and S3-alleles. Since the S1-allele is also camed by the pistil, neither pollen is able to effect fertilization. The rejection of incompatible pollen usually occurs on the surface of the stigma.
Interest in SI largely lies, on the one hand, in its use as a model system to study cell-cell communication, and, on the other hand, in exploring its potential applications in hybrid seed production. Studies prior to 1980 focused mostly on the physiological, cytological, and genetic aspects. A detailed account of the large volume of early work can be found in a monograph by de Nettancourt (1977) . Molecular biological studies of SI began in the early 1980s and have resulted in substantial progress toward understanding the molecular and biochemical bases of both GSI and SSI. Through the work of the last decade, it has become clear that GSI and SSI differ not only in the genetic determinant of pollen behavior, but also in the mechanism of SI interactions. This paper will not address the SSI system, but will focus mostly on recent molecular biological studies of GSI in the Solanaceae family.
IDENTIFICATION OF S-ALLELE-ASSOCIATED PROTEINS IN PlSTlL
Because SI is controlled by the S-locus, the key to understanding the mechanism of SI interactions rests in the identification and characterization of S-allele proteins in pollen and pistil. One strategy for identifying S-allele proteins is to search for pollen and pistil proteins that co-segregate with respective S-alleles during genetic crosses. Such S-alleleassociated proteins (S-proteins) have been identified in the pistils of severa1 solanaceous species. The identification was facilitated by the facts that S-proteins are very abundant in the pistil, and the allelic forms are easily distinguishable by isoelectric point or molecular mass. The molecular mass of Sproteins identified range from 22 to 34 kD; they are basic proteins and are glycosylated with N-linked glycans.
As will be discussed later, the identity of the S-allele product in pollen has not yet been established. Therefore, the t e m 'S-proteins" will hereafter refer only to the S-alleleassociated proteins identified in the pistil. Plant Physiol. Figure 1 . Difference in SI behavior of pollen in gametophytic and sporophytic systems. The behavior of pollen depicted for SSI assumes that two S-alleles are co-dominant. For SSI, the pollen Sallele is thought to be synthesized in the tapetal tissue and deposited in the pollen wall. For CSI, the pollen S-allele is thought to be synthesized in the microspore.
CLONINC OF cDNA AND CENOMIC DNA ENCODINC S-PROTEINS
The era of molecular biological research in GSI began with the report of the cloning and sequencing of cDNA encoding Sz-protein of Nicotiana alata by Clarke and co-workers in 1986 (Anderson et al., 1986) . They took advantage of the properties of S-proteins to design a simple purification scheme to purify Sz-protein of N. alata, then used oligonucleotide probes corresponding to the amino-terminal sequence to isolate S2-cDNA clones from a pistil cDNA library. Comparison of the full-length cDNA sequence with the aminoterminal sequence of Sz-protein revealed the presence of a 22-amino acid leader peptide not found in the mature protein; this is consistent with the results from immunolocalization experiments showing that S-proteins are secreted into the extracellular space of the transmitting tract of the style (Cornish et al., 1987) .
Since the cloning of S2-cDNA of N. alata, cDNAs for more than 20 different S-proteins from six solanaceous species have now been reported. AI1 of the full-length cDNAs encode a leader peptide with a size identical to that encoded by S2-cDNA of N. alata, suggesting a similar localization of other S-proteins in the pistil. Comparison of the deduced amino acid sequences of S-proteins revealed an unusually high degree of sequence diversity, with sequence similarity ranging from as low as 38% to as high as 93% (Tsai et al., 1992) . However, despite the sequence diversity, there are amino acids conserved among a11 the S-proteins. They are clustered in five separate regions of the protein. Three of these conserved regions, C1, C4, and C5, contain mostly hydrophobic amino acids and may form the core structure of S-proteins. The other two conserved regions, C2 and C3, share striking sequence similarity with the active site of two funga1 ribonucleases, RNase T2 and RNase Rh, the significance of which will be discussed later. There are two hypervariable regions, HVa and HVb, located between C2 and C3. Th(2y are the most hydrophilic regions of S-proteins, suggesting that they are located on the outside surface of the S-protein and may be involved in interactions with pollen. Figure 2 diagrams the salient structural features of S-proteins.
Genomuc Southem analysis using S-cDNAs as probe revealed that (a) the S-gene is present as a single copy in a haploid genome; (b) each S-cDNA probe hybridized weakly, if at all, to genomic DNA fragments from plants containing different S-alleles; and (c) genomic DNA fragmmts corresponding to different S-alleles exhibit restriction fragment length pcilymorphism. The latter two observations are consistent with the finding of sequence diversity froni comparison of cDNA sequences. Genomic sequences encoding two S-proteins each of Petunia inflata and Solanum tuberosum have beeri reported (Kaufmarin et al., 1991; Coleman and Kao, 1992) . 411 four Sgenes contain a single, short intron located in íhe region encoding HVa. Comparisons of the flanking sequences revealed severa1 interesting features. First, the sequence diversity observed in the coding region of the S-gene extends to both the 5' and 3' flanking regions. It is most sbiking that there is tery little sequence similarity in the imrnediate 5' flanking region, except for the putative TATA box and a few small stretches p f sequence. Second, both the !j' and 3' flanking regions are rich in repetitive sequences. These findings have been interpreted to mean that recomtination is suppressed at the S-locus, analogous to that observed in the mammalian X and Y chromosomes. This interpretation was independently confirmed by statistical tests of clustered polymorphic sites of S-alleles; the results suggest a rcemarkable lack of inltragenic recombination at the S-locus (Clark and Kao, 1991) .
EVIDENCE THAT S-PROTEINS ARE INVOLVED IN SI
The fact that S-proteins co-segregate with S-alleles is only circumstantial evidence that they are involved in !$I because they may be products of genes closely linked to tlie S-locus rather tha n the products of S-alleles. However, the characteristics of the S-gene/S-protein, some of which liave been alluded to above, are consistent with their playini; a role in SI.
First, the localization of S-proteins in the pistil coincides with the site of pollen tube rejection. The S-prDteins are localized inostly in the upper third segment of the pistil, the site wherc growth arrest of incompatible pollen tuhes occurs. Furthermore, S-proteins are extracellular protein 5 and are localized in the transmitting tract of the style, the path of pollen tube growth.
Second, the timing of the drastic increase in the steadystate leve1 of S-proteins during floral development coincides with the transition from self-compatibility to SI of the buds. The levels of both S-mRNA and S-proteins in immature buds are very low and increase markedly just before floNer opening. Coincidentally, buds at the immature stage are fully receptive to self pollen and become self-incompatlble at the time when their levels of both S-mRNA and !j-proteins Tsai et al. (1992) for the alignment of 19 S-protein sequences and numbering of amino acid residues.
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increase. (Bud selfing has been used to obtain plants homozygous for S-alleles.) Third, the sequences of S-proteins are highly divergent, as would be expected for S-allele proteins. Any new S-allele arising in a population has a reproductive advantage over existing alleles, because pollen carrying this new allele has much higher probability of successful fertilization. Thus, selection pressure for sequence diversity would be expected to operate at the S-locus to generate new S-alleles. S-protein sequences indeed exhibit an unusually high degree of sequence diversity; some S-proteins of the same species differ by as much as 61% in their sequences.
Fourth, phylogenetic study of S-protein sequences indicates that the polymorphism of the S-gene predates the divergence of solanaceous species; this suggestion of an ancient origin of GSI is consistent with one hypothesis that SI was responsible for the explosive success of angiospenns (Whitehouse, 1950) . One notable finding from sequence comparison of S-proteins is that some S-proteins from one species are more similar to S-proteins in other species than to other S-proteins of the same species. A gene genealogy based on the amino acid sequences of S-proteins revealed that polymorphism of the S-gene existed in the ancestral species of extant solanaceous species (Ioerger et al., 1990) .
Fifth, S-proteins have ribonuclease activity that could potentially be responsible for inhibition of pollen tube growth. Determination of the amino acid sequence of a ribonuclease from Aspergillus oyzae, RNase T2, in 1988 led Sakiyama and co-workers to discover a striking sequence similarity between C2 and C3 regions of S-proteins and the corresponding regions of RNase T2, which form the catalytic site (Kawata et al., 1988; McClure et al., 1989) . Clarke and co-workers subsequently showed that this sequence similarity is not fortuitous, and that N. alata S-proteins indeed had ribonuclease activity (McClure et al., 1989) . P. inflata and Petunia hybrida S-proteins were also later examined and found to be ribonucleases (Broothaerts et al., 1991; Singh et al., 1991) .
Sixth, lack of intragenic recombination at the S-locus could explain the highly polymorphic nature of the S-locus. Recombination leads to "homogenization" of alleles and results in a decrease in the number of alleles in a population and eventual loss of polymorphism. With suppression of intragenic recombination, any new allele that arises due to selection pressure for diversity will remain in the population for a long period of time because the lack of recombination will prevent its loss.
The evidence described above for the involvement of Sproteins in SI is a11 indirect and correlative. Earlier attempts to obtain direct evidence relied on the use of an in vitro bioassay. The objective was to demonstrate that either purified S-proteins or crude stylar extracts could inhibit the growth of in vitro-germinated pollen in an S-allele-specific manner. However, the in vitro systems developed did not faithfully reproduce the in vivo milieu that pollen encounters in the pistil. Thus, the percentage of pollen that successfully genninated was low, and the growth rate of the genninated pollen was substantially lower than that obtained in vivo. As a result, the inhibitory effect of S-proteins was not pronounced and was often difficult to assess. Further complicating interpretation of the results, non-S-allele-specific inhibition was also observed in some cases.
Because in vitro approaches failed to provide conclusive evidence for the function of S-proteins, efforts were directed at two in vivo approaches: a loss-of-function approach and a gain-of-function approach. The rationale behind these approaches is as follows. If S-proteins are responsible for recognition and rejection of self pollen in SI interactions, then inhibition of their synthesis should lead to the failure of a plant to reject self pollen, and, conversely, synthesis of an Sprotein corresponding to an S-allele not originally present in a plant should confer on the plant the ability to reject pollen bearing this new S-allele.
Both in vivo approaches require the use of transformation procedures to produce transgenic plants for examining changes in SI behavior. Although the methodology of Agrobacterium-mediated transformation has been routinely used to obtain transgenic plants of self-compatible solanaceous species, such as Nicotiana tabacum, P. hybrida, and Lycopersicon esculentum, for reasons not known, transfonnation and regeneration of their self-incompatible wild relatives have proven to be difficult. This technical problem was recently overcome in P. inflata (Lee et al., 1994) , and that in N. alata was circumvented by using more easily transformable selfcompatible hybrids between N. alata and Nicotiana langsdorffii (Murfett et al., 1994) .
Using the loss-of-function approach, antisense S3-cDNA driven by its own promoter was introduced into P. inflata plants of S2S3 genotype; among the transgenic plants analyzed, three failed to reject S3 pollen and three failed to reject both S1 and S3 pollen (Lee et al., 1994) . The different SI behavior of these two groups of transgenic plants was shown to be caused by the differential effect of the antisense S3-Plant Physiol. Vol. 105, 1994 gene on the levels of Sz-and S3-RNA (and thus of SZ-and S3-proteins). When the antisense S3-gene affected only the levels of S3-RNA, plants retained the ability to reject S1 pollen but lost the ability to reject S3 pollen; when the antisense S3-gene affected the levels of both Sz-and S3-RNA, plants lost the ability to reject both Sz and S3 pollen. Thus, there is perfect correlation between the inhibition of S-protein synthesis and loss of the ability to reject self pollen. These results provide direct evidence that S-proteins are indeed necessary for the pistil to recognize and reject self pollen.
In the gain-of-function approach, the S3-gene was introduced into P. inflata plants of S1S2 genotype, and four transgenic plants were found to have acquired the ability to reject S3 pollen completely (Lee et al., 1994 alata under the control of a promoter of a tomato chitinase gene into self-compatible hybrids between N. alata and N. langsdorffii, and showed that the transgenic plants that expressed high levels of SAz-protein acquired the ability to reject SA2 pollen. Thus, these results provide direct evidence that S-proteins are sufficient for the pistil to recognize and reject self pollen. The observation in P. inflata transgenic plants that a normal level of S-protein produced in the pistil is required for full manifestation of the SI phenotype is consistent with the previous finding described earlier, that immature buds, producing a low level of S-proteins, are unable to reject self pollen. This observation may provide an important clue to the mechanism of SI interactions.
OTHER PLANT RIBONUCLEASES W l T H SEQUENCE
Subsequent to the discovery that S-proteins are ribonucleases, a number of other ribonucleases with sequence similarity to S-proteins have been identified in both self-compatible and self-incompatible species. Green compared the amino acid sequences of S-proteins with the S-like RNases from self-compatible species and identified residues that are conserved among both S-proteins and the S-like RNases, and residues that are conserved either only withn S-proteins or only within the S-like RNases (Green, 1994) . The gene genealogy that Green and co-workers constructed places Sproteins and S-like RNases into two distinct lineages, consistent with the distinct function of S-proteins (Taylor et al., 1993) .
However, one S-like RNase, not included in the phylogenetic analysis of Green and co-workers, does not fall within the S-like RNase lineage. This RNase, RNase X2, identified in self-incompatible P. inflata, is more similar to S-proteins than to the other S-like RNases from self-compatible species (Lee et.al., 1992) . In fact, two N. alata S-proteins are more similar to RNase X2 than to a11 the other solanaceous Sproteins. RNase X2 is also a pistil-specific extracellular ribonuclease, as are S-proteins. Furthermore, both the S-gene and the RNase X2 gene contain one intron, and the location SlMlLARlTY TO S-PROTEINS of the intron is conserved. However, there is one important difference between S-proteins and RNase X2: the gene for RNase X:! does not exhibit any polymorphism, as does the S-gene. This difference distinguishes S-proteins fmm RNase X2 and most likely from a11 the other ribonucleases iind allows S-proteins to be involved in a specialized function in self/ nonself discrimination.
In addition to S-proteins and RNase X2, pistils of P. inflata contain a large number of other ribonucleases (Singh et al., 1991) . The functions of RNase X2 and the other ribonucleases have not been detennined. It has been proposed that they, along with other hydrolytic enzymes identified in the pistil, may be involved in defense against pathogen infeztion. This raises an interesting possibility that GSI might have evolved by recruiting an ancient ribonuclease to use in defense against invasion by self pollen.
RELEVANCE OF RIBONUCLEASE ACTlVlTY 1'0 THE FUNCTION OF S-PROTEINS IN SI
The fact that S-proteins are ribonucleases does not necessarily meiin that their ribonuclease activity is an integral part of their function in SI. To determine if their ribonuclease activity is responsible for the inhibition of pollen tube growth, Clarke and co-workers monitored the integrity of pollen ribosomal RNA following self-and cross-pollination . They observed that 24 h after pollination, pollen riblosomal RNA remained essentially intact after crosspollination but was degraded after self-pollination. These results were interpreted to mean that specific degradation of ribosomal RNA of self pollen by S-proteins caused the growth inhibition of self pollen tubes. However, since self pollen tubes usually burst open, releasing cytoplasmic contents into the transnitting tract that is rich in ribonucleases, ii is equally likely that degradation of ribosomal RNA of self pollen tubes is a result of, rather than the cause of, SI interactions Newbigin et al., 1993) .
One approach to addressing the relevance of riklonuclease activity is to examine the effect of abolishing the ribonuclease activity of S-proteins on their function in SI interaciions. Two conservedl His's of S-proteins, one located in the C2 region and the other in the C3 region (Fig. 2) , have been implicated as being essential for ribonuclease activity. Thus, one can introduce a mutant S-gene, whose codon for one of the two His's has been changed to a codon for another arnino acid, into plants carrying S-alleles different from it, and then determine if synthesis of the mutant S-protein, which lacks ribonuclease activity, will still confer on the pistil the ability to reject pollen bearing the same S-allele that the transgene encodes. The results from these experiments now i11 progress will provilde an important clue about the biochemical mechanism of SI interactions.
POSSlBlLE MECHANISMS OF S-PROTEIN-MEDIATED

SI INTERACTIONS
There have been numerous models proposed i:o explain the biochemical basis of SI interactions (de NE ttancourt, 1977) . Molst of the models were proposed prior to the discovery that !S-proteins have ribonuclease activity. !;ince that discovery, new models have been proposed predicated on the theory that ribonuclease activity is an integral part of SI interactions.
One of the earlier models proposes that S-proteins in the pollen and pistil have complementary configurations in a relationship analogous to that of antigen-antibody or enzyme-substrate complexes. The pollen protein would act as an "antigen," which is recognized during pollen tube growth by an "antibody" produced by the same S-allele in the pistil. Inhibition of pollen tube growth would result from an interaction resembling an immunological response. This hypothesis suggested that S-proteins are composed of variable and constant domains, as in mammalian immunoglobulin proteins. The combination of the variable domains of S-proteins in pollen and pistil expressing the same allele would result in SI.
Another model postulates that the S-protein in the pollen is identical to that in the pistil, and the S-protein takes the form of a dimer. When identical dimers in both pollen and pistil encounter each other after self-pollination, they would form a tetramer, presumably with the aid of an allosteric molecule. This tetramer would then act as a genetic regulator to either induce synthesis of an inhibitor or repress the synthesis of an activator of pollen tube growth.
Two new models have recently been proposed that are based on the assumption that the ribonuclease activity of Sproteins is essential for their function (Haring et al., 1990; Thompson and Kirch, 1992 ). The first model proposes that S-proteins can interact specifically with allele-specific receptors of pollen to selectively enter self pollen tubes to degrade RNA, thereby arresting their growth. The second model proposes that S-proteins enter a11 pollen tubes, irrespective of their S-allele specificity, and once inside they encounter a highly specific inhibitor in pollen tubes carrying a different S-allele, but not in pollen tubes carrying the same S-allele, leading to the selective destruction of self pollen tubes. Thus, the former model assumes that S-allele-specific inhibition of pollen tubes lies in the uptake of S-proteins, whereas the latter model assumes that it lies in the specific inhibition of S-proteins by ribonuclease inhibitors residing in the pollen. The question of whether or not SI interactions involve the ribonuclease activity of S-proteins will be addressed with the completion of the experiment described in the previous section.
Another question that must be addressed to critically test the validity of these models is, does the same S-gene control the SI behavior of the pistil and pollen? The tripartite model put forward by Lewis (1949 Lewis ( , 1960 predicts that the S-locus is composed of three separate but closely linked parts: the Sallele specificity part that determines the allelic specificity of both pollen and pistil, the pollen activity part, and the pistil activity part. This hypothesis was based on the identification of pollen-part and pistil-part self-compatible mutants, whose pollen behavior alone or pistil behavior alone in SI interactions was affected. However, it did not address the question of whether or not each part is controlled by a separate gene. Earlier attempts to identify S-RNA transcripts or S-proteins in pollen (Haring et al., 1990; Sims, 1993; A. Singh and T.-h. Kao, unpublished results) were not successful. In addition, expression of either antisense S3-gene or a new S3-gene in the transgenic plants described above only altered the SI behavior of the pistil, but not that of the pollen (Lee et al., 1994) . These results appear to suggest that separate genes control pistil activity and pollen activity in SI interactions.
Recently, Clarke and co-workers have shown that S2-and S6-genes of N, alata are expressed in developing pollen, albeit at a level much lower than in the pistil (Dodds et al., 1993) .
Proteins that cross-react with antibodies specific to SS-or s6-protein are also detected in hydrated pollen. The physiological relevance of these findlngs is not yet clear, and whether S-proteins are also involved in controlling SI behavior of pollen will have to be examined by loss-of-function and/or gain-of-function approaches similar to those used in establishing the function of S-proteins in controlling SI behavior of the pistil.
OTHER FAMlLlES DISPLAYING CSI
Most reported molecular genetic studles of GSI have used the Solanaceae family. It will be of interest to see if any of the other families displaying GSI also employ the same Sgene to control SI interactions. Recently, pistil proteins that co-segregated with three dlfferent S-alleles have been identified in Japanese pear (Pyrus serotina Rehd.), a member of the Rosaceae family (Sassa et al., 1993) . Their amino-terminal sequences exhibit significant similarity with those of solanaceous S-proteins (complete sequences have not been reported), and they also share similar chemical properties with solanaceous S-proteins. This finding provides the first evidente that the same S-gene controls GSI in a family other than Solanaceae, and would place the origin of GSI further up the evolutionary ladder.
However, in the only other family for which GSI has been extensively characterized at the molecular level, Papaveraceae, a different gene with no sequence similarity to the Sgene has been implicated as controlling SI interactions in a member species, Papaver rhoeas (poppy). The gene product is not a ribonuclease and is thought to act as a signal to trigger an intracellular signaling pathway that leads to inhibition of pollen tube growth (Franklin-Tong et al., 1993) . Thus, it appears that GSI may have evolved at least twice since its appearance.
Given that more than 60 families of plants display GSI and that there may be other dlfferent types of mechanisms utilized by other families, GSI may provide a rich source for uncovering new paradigms in cell-cell communication.
CONCLUDINC REMARKS
Since the report of the first cloning of S-cDNA in 1986, GSI research has steadily progressed. Focus on characterization of S-proteins during the first few years resulted in a number of lines of evidence, albeit induect and correlative, suggesting that S-proteins were most likely the 'correct" proteins to be studied for their role in SI. The first breakthrough in the attempt to understand how S-proteins function in SI came in 1988, when S-proteins were found to share sequence similarity with funga1 ribonucleases, and to be ribonucleases. The immediate implication of this discovery on our study of the biochemical mechanism of GSI was very Plant Physiol. Vol. 105, 1994 obvious. New models were proposed and a fluny of activity was directed toward establishing the link between the ribonuclease activity of S-proteins and their function. However, inability to efficiently transform and regenerate the SI species under study made it impossible to address this question by direct means. The severa1 altemative approaches that were attempted did not yield conclusive results.
The second breakthrough came recently with technical improvement in transforming and regenerating P. inflata and development of more easily transformable Nicotiana hybrids, to allow the use of transgenic plants to directly demonstrate the role of S-proteins in controlling SI interactions. Now, efforts can be directed toward dissection of the function of S-proteins in SI by using transgenic plants expressing various forms of the S-gene that have been genetically engineered. Thus, it is reasonable to expect that we will know, sooner rather than later, whether the ribonuclease activity of Sproteins is a n integral part of SI interactions, and which amino acid residues of S-proteins constitute the determinant for S-allele specificity.
S-proteins, however, account for less than half the story of GSI. It is imperative to establish whether or not S-proteins also control the SI behavior of the pollen, and if not, what is the identity of the pollen S-allele protein with which Sproteins interact. There is also evidence that there exist modifier genes in self-compatible species that can modulate the activity of S-proteins and render otherwise functional Sproteins nonfunctional (Ai et al., 1991; Thompson et al., 1991) . Only after a11 the other players in SI interactions have been identified can we fully understand the molecular basis and biochemical mechanism of self/nonself discrimination during SI interactions.
